The sucking response is characteristic of intrauterine fetal life and early infancy but becomes rapidly insignificant by the end of the first year. Effective sucking behavior is a prerequisite for safe and effective oral feeding and implies that an infant has achieved neurologic, behavioral, and physiological maturity. 1, 2 Sucking behaviors have been classified into two modes, namely nutritive and non-nutritive sucking (NNS), based on sucking patterns. 3 Nutritive sucking has a continuous rhythmic pattern that consists of slower mean rates of sucking, usually about half that of NNS, with shorter periods of pauses. Nutritive sucking occurs solely in the presence of oral fluid. 4 NNS alternates between unpredictable bursts of activity and rest periods in the absence of oral fluid intake such as amniotic fluid or milk and is characterized by a rapid rate of sucking (approximately two or more sucks per second).
Premature infants, especially those of very low birth weight, encounter unique problems during their postnatal course, such as respiratory distress syndrome, apnea, and patent ductus arteriosus. These problems frequently complicate their clinical course and nutritional management, resulting in increased morbidity and longer hospitalization. 5, 6 When medically stable, premature infants are gavage fed because the nutritive sucking and swallowing mechanism is not fully developed until ϳ32 to 34 weeks' gestation. 7 Not only are sucking opportunities limited for these fragile infants, but exposure to NNS is rarely provided during tube feedings. Offering premature infants the experience of NNS during tube feedings may afford the necessary stimulus for the normal development of sucking behaviors, specifically, a mature NNS response. 8 A major obstacle to successful feeding of premature infants relates to the functional immaturity of the gastrointestinal system. Gastric emptying matures after 30 weeks' gestation. 7 Delayed gastric emptying frequently presents as feeding intolerance, 9 which clinically manifests in abdominal distention, vomiting, and feeding residuals. 10 -12 Premature infants who are intolerant of feeds are maintained on parenteral nutrition, which limits the provision of calories necessary for maximizing weight gain. As a result, these infants take longer to establish full feeds and to achieve early discharge from the hospital. A physiologically supportive intervention that facilitates maturation of the gastrointestinal system and promotes weight gain and earlier hospital discharge would be desirable. In premature infants, a pacifier provides opportunities for NNS and may be viewed as physiologically supportive.
The primary objective of this review is to determine the importance of NNS in the development of gastrointestinal function and growth in premature infants. The critical outcomes examined include gastric emptying, weight gain, and time to discharge from hospital. The secondary objective is to assess the impact of pacifiers on the Concepts
development of sucking behaviors, specifically, the sucking response. The critique synthesizes the existing body of NNS research to describe how results vary across studies. Limitations in the existing research are examined, and potential clinical research in the area of NNS is identified. Assessing the effects of NNS first requires an understanding of the development of NNS in premature infants; related factors, including gestational age, postnatal age, and health status; and the proposed mechanisms of action.
DEVELOPMENT OF NNS AND RELATED FACTORS
NNS develops before nutritive sucking, and in its most immature form consists of only mouthing movements. 4 Although NNS is evident at ϳ24 weeks, 4 the rate of NNS is slower, 13 the number of sucks in each burst is smaller, 14 and the suction pressure is lower. 15 The NNS pattern is not mature until 37 weeks' gestation. 13, 14, 16 The sucking pattern undergoes a quantitative change with increasing postnatal age. There is decreased variability of the sucking pattern (burst/pause rhythm) and the initial short bursts of sucking become longer and the frequency of sucking is reduced. 17 Infants who are offered a pacifier retain the ability to suck in the non-nutritive mode up to 4 years of age. Altering the shape of the nipple does not affect the temporal organization of NNS. 3 In the course of time, NNS is not retained as a significant activity. 1 Infants stop NNS either because of loss of ability or willingness. NNS, however, does not disappear from the infant's repertoire, but rather, may reappear in later adult life with severe central nervous system (CNS) diseases such as senility. 3 The development of NNS is affected by the presence of cerebroventricular hemorrhage and ventricular dilatation. 16 According to Wolff, 13 any disorder that affects the CNS will inadvertently disturb the temporal organization of NNS. It has been postulated that even minor disturbances of CNS function such as perinatal distress, without any obvious neurologic impairment, may alter the NNS response. 1 NNS is thought to be more resistant to perinatal risk factors than nutritive sucking. 1, 13 Illness also alters the characteristics of NNS. The quality of the suck varies inversely with the infant's respiratory status. 18, 19 An abnormal NNS response, however, is not predictive of later neurologic or behavioral outcome. 13 Behavioral states influence the rhythmical organization of NNS. Parameters such as the mean frequency per burst per second, length of bursts and rest periods, and amplitude of suck may change significantly from one state to another. Wolff 3 states that NNS "may be difficult to elicit during any kind of sleep for the first half hour after a feeding." Variability is greatest during light sleep and waking states than in regular sleep. Within one state there is marked inter-individual but little intra-individual variation. However, the total amount of sucking is not related to levels of excitation; hence, state has only a minor influence on the overall organization of NNS. 3 Paradoxically, NNS significantly affects behavioral state. 20 -23 Preterm infants who were given a pacifier during and after feeding were less distressed. These infants spent less time in fussy and active awake states 23 and more time in inactive and awake behavioral states. 21, 22 There were fewer changes in behavioral states during feedings; quiet, awake states were more frequent. 23 In addition, these infants returned to a sleep state much faster. 20 One mechanism that has been postulated for the potential beneficial effect of NNS, that of improved weight gain, has been attributed to the optimal behavior states achieved with NNS. 24 General movements of the limbs, head, and trunk occur without a distinctive pattern or sequencing of the various body parts. These general movements are endogenous in nature. The forms of general movement differ in different behavioral states and are absent during quiet wakefulness. 25 NNS alters behavioral state such that infants are in optimal quiet states, thereby decreasing general movements and conserving energy. The reduced energy expenditure may contribute to weight gain. 20, 23 A second mechanism in support of improved weight gain and enhanced gastrointestinal function is thought to be related to the effect of NNS on enzymes and hormones. 24 NNS is postulated to stimulate tissues in and around the base of the tongue, resulting in secretion of an enzyme called pharyngeal lipase. Pharyngeal lipase improves fat digestion, and it may be that the reduced energy expenditure in the process facilitates weight gain. However, the practical significance of pharyngeal lipase in preterm infants has yet to be determined, 6 as studies have found no differences in energy excretion between treated (NNS) and control groups. 6, 26 In addition, one study found no difference in lipase activity between cohorts of premature infants receiving gavage feeding exclusively and gavage feeding with NNS. 27 NNS is also thought to stimulate fibers in the oral cavity that activate the vagal nerve. 28 Activation of the vagal nerve influences the levels of gastrointestinal hormones such as gastrin and somatostatin. Secretion of gastrin is necessary for acid secretion, gastric motility, and intestinal mucosa growth. A decrease in somatostatin hormone promotes gastric emptying. 24 Regulation of gastrointestinal hormones leads to stimulation of gastrointestinal motor and sensory activity, growth of the intestinal tract, and enhanced release of glucose-induced insulin. 29 Increased insulin production promotes glucose utilization. 24 Consequently, vagal activation by NNS may lead to enhanced mixing, propulsion, optimal digestion and absorption of nutrients, and expulsion of waste products. 5, 8, 28 Marchini et al. 30 found that preterm infants provided with NNS had a significant increase in insulin levels; however, these findings were not supported by Kanarek and Shulman. 31 Widstrom et al. 28 found decreased somatostatin and increased gastrin levels in gastric aspirates of preterm infants that were allowed to suck on a pacifier during gavage feedings. Other studies have found that gastrin 20,31 and somatostatin 30 levels were not significantly altered in treatment and control groups.
Although the specific mechanism(s) of the effects of NNS has not been established, the provision of NNS during tube feedings may have beneficial outcomes that are of particular importance to premature infants.
CRITICAL ASSESSMENT OF EXISTING NNS RESEARCH
A systematic, computerized search of MEDLINE, the Cumulative Index of Nursing in Allied Health Literature, Health, Best Evidence, and the Cochrane Library was performed to identify publications that focused on the use of pacifiers or NNS as well as on the importance of NNS in the development of gastrointestinal function and infant growth. Medical subject headings used included NNS; sucking behavior; pacifiers; feeding behavior; infant nutrition; enteral nutrition; gastric emptying; growth; weight gain; infant, premature; and infant, newborn. For the purpose of this review, the findings of all prospective, methodological studies have been summarized in relation to the outcomes of interest (see Table 1 ). The critical appraisal of these studies is based on an assessment of variables that may affect the outcomes of interest.
CRITICAL APPRAISAL OF STUDIES AND FINDINGS Randomized Controlled Trials
Randomized controlled trials are the most powerful design available to evaluate the efficacy of a clinical intervention such as NNS. In practice, the random allocation of subjects to the defined intervention, NNS, allows the researcher to equally balance the distribution of both known prognostic factors (e.g., gestation age and postnatal age) and unknown determinants that may threaten the validity of the results. "Blinding" of the intervention, such as NNS during gavage feeding, from the researcher is also of paramount importance to avoid distortion and bias in the assessment of outcome measures. 32 In deciding whether NNS is beneficial to all infants exposed to this strategy, it is necessary to methodologically appraise the existing body of evidence using sound scientific criteria. 33, 34 To date, eight randomized controlled trials 5, 6, 8, 26, 28, [35] [36] [37] have been published (see Table 1 ).
Factors Influencing the Outcomes of Interest
Three of the randomized controlled trials 26, 28, 37 are crossover studies in which the effects of NNS are examined in a single group. Practically, these studies are relatively easy, less expensive, and can be conducted over shorter periods of time. 38 The subjects serve as their own controls; therefore, personal factors such as gestational age and birth weight are the same; consequently, these factors do not influence the outcome of interest. However, age-related changes are not controlled for, and, as a result, cause and effect is difficult to establish. 38 As discussed previously, perinatal distress may potentially alter the NNS response. 1 Apgar scores (Ͻ3 and 5 at 1 minute and 5 minutes, respectively) 5, 36 and/or signs of perinatal distress such as seizures/asphyxia 5 were used to exclude babies from selective studies. Field et al. 35 used a tool, the obstetric complication scale, to assess the obstetric factors affecting study infants. The reliability and validity of this scale, however, is uncertain.
The health state of the infant can also affect the characteristics of NNS. 18, 19 Field et al. 35 used a postnatal complication scale that included conditions that reflected an increased risk of mortality and morbidity (e.g., respiratory distress syndrome and metabolic and temperature disturbances) to assess characteristics of infants in the treatment and control groups. No statistically significant differences were present between groups with the use of this scale. The appropriateness of such a scale is questionable, because it was developed in 1978 and did not include conditions such as necrotizing enterocolitis and patent ductus arteriosus. These conditions can be major complications of prematurity. To overcome the limitations of the scale, the prevalence of necrotizing enterocolitis was identified, and there was no significant difference between control and treatment groups.
The development of NNS is also affected by the presence of cerebroventricular hemorrhage and ventricular dilatation. 16 Mattes et al. 36 excluded infants with grade 3 or 4 intraventricular hemorrhages documented on ultrasound, and Bernbaum et al. 5 excluded infants based on clinical evidence of intraventricular hemorrhage. The absence of ultrasonographic confirmation of intraventricular hemorrhage in the latter study makes the reliability and validity of the data questionable. Infants with seizures or signs of hypoxic ischemic encephalopathy were excluded in both studies, 5, 36 because any disorder that affects the CNS will inadvertently disturb the temporal organization of NNS. 13 Tactile stimulation (e.g., touch) will also result in the release of vagally regulated hormones and, as a result, promote weight gain through a similar mechanism to NNS. 29 Although Bernbaum et al. 5 controlled for such environmental factors by maintaining infants in the incubator during feeding, it is uncertain how much tactile stimulation the infants received between feedings.
Selection of Subjects
Sampling is a critical factor, as it determines how accurately the targeted population is represented. Selection of subjects is one area that investigators must consider when examining sampling. A random selection process was used by some researchers (e.g., random, stratified by Field et al. 35 ) to ensure that each subject in the target population had an independent chance of being included in the study and was also exposed to predetermined factors that might have influenced outcome. 38, 39 Despite attempts to ensure that a representative sample was selected from the targeted population, in the study by Field et al., 35 the sample was skewed toward male sex. A predetermined sample size is critical, as it permits the researchers to achieve both clinical and statistical significance in a study and to make generalizations regarding their findings on similar populations of infants. 40 It appears that convenience sampling was used in all trials, as the researchers do not present power analyses or justify the appropriateness of the number of subjects used. Convenience sampling is usually used in pilot studies to determine the effect of a treatment strategy before launching a large-scale controlled trial. Such studies with a similarly defined hypothesis and identical outcome measures can also be used cumulatively in a meta-analysis to improve the power of a study.
Treatment
Duration of treatment was variable across studies. Consequently, the studies limit the reader's understanding of the effect of NNS on the offered infants a pacifier for 30 minutes with each feeding every 2 hours. There was no significant difference in weight gain between the treatment and control groups in this study. In some studies, it is unclear how much time infants in each group spent sucking on a pacifier, as infants in both control and treatment groups were also exposed to the same intervention between feedings. 8, 35 These studies showed significant differences in weight gain between treatment and control groups.
All crossover studies 26, 28, 37 allowed for a lag time between treatment and no treatment. Although this is important to avoid contamination from the effects of the initial strategy, it is uncertain whether such an approach minimizes the effects of age, weight, and maturational differences. In addition, it is unclear how much time is adequate for "washout" so that there is no "crossover" effect. Two studies had short periods of intervention (one feed), which may not be sufficient to affect the outcomes of interest. 28, 37 Bernbaum et al. 5 found that differences in outcomes such as weight gain were not evident until the second week of the study.
Outcomes of All Studies
NNS and sucking response. Three studies attempted to determine the benefit of pacifier use as a physiologically supportive intervention 5, 35, 36 in the maturation of a sucking response. Studies either examined the sucking pattern 5, 36 or assessed later bottle feeding behavior and performance by the Brazelton Neonatal Behavior Assessment Scale. 35 Field et al. 35 found no significant difference in feeding performance between treatment and control infants. The parameters used to assess feeding performance included incidence of regurgitation, volume of formula intake, and length of feeding time. In addition, "an objective, time-sampling procedure used to record infant and nurse behaviors. . . suggest[ed] that the control infants required more 'coaxing to feed.'" 35 The time-sampling procedure was not described. Mattes et al. 36 also found no differences in sucking performance as measured by frequency (i.e., number of sucks per minute) and strength of suck.
Bernbaum et al. 5 found that the infants in the NNS group developed a more organized pattern of sucking with increasing age as evident from the greater number of sucks per burst and fewer sporadic sucks (10.5 Ϯ 2.0 vs 8.0 Ϯ 1.5, p Ͻ 0.05). In addition, the organization and efficiency of the sucking pattern was accelerated in these infants, evident as early as 34 weeks after conception, and the differences remained significant until discharge. Field et al. 35 point out that the benefits of NNS need to be interpreted with some discretion, as the evaluative performance of premature infants on the Brazelton Neonatal Behavior Assessment Scale was not optimal. The treated infants showed weak reflexes more frequently as evidenced on the motoric cluster score of the Brazelton Neonatal Behavior Assessment Scale ( p ϭ 0.06). A subsample of their study infants showed no difference on the motoric cluster score of the Brazelton Neonatal Behavior Assessment Scale at 1 month after discharge. Although the differences disappear in time, the impact of periodic stressors on the CNS remains questionable.
Gastric emptying. Two crossover studies evaluated the effect of a pacifier on gastric emptying. 28, 37 Both studies showed no significant difference in gastric emptying between treated and control groups. The small sample size may have precluded the researchers from finding statistically significant differences. In addition, both studies had short periods of intervention (one feed), which may not be sufficient to evaluate gastric emptying. Widstrom et al. 28 recorded the volume of gastric contents, a measure of gastric emptying, 3 hours after bolus feeding in both groups. The volume of milk was based on the age and weight of the infant. The infant was given the same type of milk (banked pasteurized human milk or fresh own mother's milk) for the two experiments. The study showed decreased gastric retention with the use of a pacifier. The difference, however, was not statistically significant. Gastric retention was also measured in the study by Szabo et al. 37 Phenol red marker was used to determine gastric emptying at 10, 20, and 30 minutes after the test meal, which consisted of 10% dextrose. Three feeding methods were evaluated in each infant: NNS, nutritive suck, and control. NNS did not significantly improve gastric emptying. Gastric emptying is affected by dietary factors and is faster with human milk. 41 Gastric emptying is delayed with increasing energy density, 42 higher fat, 43 and greater dextrose concentration. 44 Thus, these two crossover studies cannot be compared, because the composition of the "feed" differs. Enteral nutrition stimulates the secretion of many gastrointestinal hormones, such as gastrin. According to Lucas et al., 45 infants who are fasting lack hormonal responses that may be important in maintaining the drive for gut development. In addition, enteral nutrition is important in maintaining mucosal morphology, and therefore, the functional characteristics of the gastrointestinal tract. 46, 47 Feeding promotes maturity of motor activity 7 ; therefore, it is important to consider timing of feeds when assessing the effects of an intervention on gastric emptying. Both studies failed to examine the timing of feeds in their sample of premature infants.
Weight gain. A number of studies have reported improved weight gain in premature infants who were encouraged to suck on a pacifier during gavage feedings. 5, 8, 35 Field et al. 35 failed to report the energy intakes in the two groups. When energy intake was controlled, preterm neonates offered NNS during gavage feedings had significantly more rapid weight gain. 5, 35 These studies, however, do not report the nutritional status of the infants at entry into the study. In contrast, other studies have reported that NNS had no effect on weight gain. 6, 8, 36 Ernst et al. 6 took precautions to equalize nutrient intake in the two study groups, and NNS had no effect on weight gain over a 14-day period of gavage feeding. The weight gain observed in the NNS group was attributed to enhanced nutrient absorption. Results of a study conducted by DeCurtis et al. 26 showed no significant difference in nutrient absorption between treated and control groups. However, their study was conducted over a short period (3 days); hence, the study neither confirms nor refutes the positive effect of weight gain resulting from NNS. Bernbaum et al. 5 observed that weight gain differences were not apparent until the second week of the study period.
Time to discharge from hospital. Three studies 5, 8, 35 found that the time to discharge from hospital was shorter in NNS groups. Two studies 5, 35 used weight, 2 kg and 1.8 kg, respectively, as a measure of readiness for discharge. In the study by Measel and Anderson, 8 the infant's physician determined when the infant would be discharged. The researchers had no input into this decision, thereby eliminating bias. Field et al. 35 found significant group differences in hospital cost, with the treated infants having a lower hospital cost than control infants.
Summary of the Limitations
The current scientific literature in the field of NNS yields conflicting results. Some studies indicate NNS to be a physiologically supportive intervention facilitating gastric emptying, 28 promoting weight gain, and earlier discharge, 5, 8, 35 whereas others show no conclusive evidence in favor of NNS. 6, 26, 28, 36, 37 The studies reviewed are difficult to interpret for a number of reasons. From the above discussion it is evident that this stems primarily from the lack of large-scale controlled trials and studies that have varied objectives and outcomes. Both known and unknown variables that may significantly affect the outcomes were not consistently controlled because of the absence of randomization, stratification, and rigid inclusion/exclusion criteria. The NNS intervention varied in timing and duration over the study period, and in the majority of studies the absence of "blinding" of the investigators could potentially distort the results. The research methodology was not robust because of small sample sizes, weak study design (e.g., crossover studies), and measurement tools that were not valid or reliable. Finally, these studies focused primarily on stable cohorts of premature infants (non-ventilated), thereby limiting the findings to this particular demographic population.
Meta-Analysis of NNS
As mentioned previously, randomized controlled trials can be used cumulatively in a meta-analysis to improve the power of a study, thereby enabling the clinician to draw more definitive conclusions. There are three published meta-analyses of NNS. 48 -50 These involve comprehensive literature searches of published and unpublished randomized trials and systematic reviews with clearly defined outcomes. However, the studies included in the meta-analyses varied, based on stringent selection criteria. Steer et al. 49 showed a statistically significant increase in weight gain of 2.2 gm per day (95% confidence interval: 0.6, 3.8), which was thought to be clinically insignificant. The other two meta-analyses 48, 50 demonstrated no clear benefit of NNS on weight gain. Based on these meta-analyses, the effect of NNS on weight gain remains inconclusive.
The length of hospitalization was uniformly decreased in all three meta-analyses. The weighted mean difference was Ϫ5.9 days (95% confidence interval ϭ Ϫ10.0, Ϫ1.7) and Ϫ7.14 days (95% confidence interval ϭ Ϫ12.59, Ϫ1.69) in the reviews by Steer et al. 49 and Pinelli and Symington, 50 respectively. Schwartz et al. 48 do not report weighted mean difference but determined that preterm infants in the NNS group were discharged 4 to 8 days earlier. Although hospital costs were not systematically evaluated in the three meta-analyses, it seems reasonable to conclude that the observed decrease in the duration of hospitalization would result in savings to neonatal units.
IMPLICATIONS FOR FUTURE RESEARCH
Although universal recommendations regarding the use of NNS cannot be made based on the randomized controlled trials and metaanalyses, the literature review clearly indicates a decrease in the length of hospitalization for preterm infants without any negative outcomes. However, the implications for clinical practice elicit many questions. One can postulate that although NNS is dependent primarily on physiological maturation, experience may strengthen or change the development of sucking activity to enhance nutrition and subsequent growth. The development of other reflexes (e.g., cough reflex), however, are necessary for effective and safe oral feedings. Which population of infants is most receptive to NNS? Is there a dose response relationship? Are the growth curves of infants exposed to NNS superior to those of control infants? What effect(s) does NNS have on the neurodevelopment of premature infants? Will these experiences lead to long-term differences in behavior (e.g., aversive oral behavior) or learning abilities? A better understanding of the mechanism(s) involved in NNS will help to critically assess the benefits or adverse effects of NNS. There are many avenues for further research.
To accurately assess the effects of NNS on sucking response, gastric emptying, and weight gain, a randomized, stratified controlled trial of sufficient power is recommended. Strata may be determined based on gestational age, obstetrical status, and health risk status. Each factor should be accounted for at study entry by matching, standardization, careful selection criteria, or stratification based on major confounding variables. Instruments used to measure obstetrical and health risk status must be reliable, tested, and valid. Data from previous studies could be used to calculate an appropriate sample size a priori. The NNS intervention (duration and context) should be clearly described and begin with the first feed, continuing until the infants reach full enteral feeds without contamination of the control cohort of infants. Data collection should include variables that potentially impact on the outcomes of interest. Care procedures such as intubation (oral versus nasal) for ventilation, oral versus nasal gavage tubes, handling, and delayed oral intake should be documented. Finally, to confidently evaluate the effects of NNS, long-term outcomes such as growth and neurodevelopment should be assessed in an unbiased, blinded, management trial.
